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In order to study the structure—activity relationships of dioxolane nucleosides as potential anti-
HIV-1 agents, various enantiomers of pure dioxolanylpurine nucleosides were synthesized and
evaluated against HIV-1 in human peripheral blood mononuclear cells. The enantiomerically
pure key intermediate 1, which was synthesized in nine steps from 1,6-anhydro-8-D-mannose, was
condensed with 6-chloropurine, 6-chloro-2-fluoropurine, and 2,6-dichloropurine in the presence
of TMS triflate. The chloro or fluoro substituents were readily converted into amino, N-meth-
ylamino, hydroxy, methoxy, thiol, and methylthio under appropriate reaction conditions. Upon
evaluation of these dioxolanes, the guanine derivative 24 exhibited the most potént anti-HIV-1
activity without cytotoxicity up to 100 uM in various cells. The decreasing antiviral activity order
of 8-isomers was as follows: guanine > 6-chloro-2-aminopurine > 2-fluoroadenine = adenine 2
2,6-diaminopurine > hypoxanthine > 2-chloroadenine > 6-chloropurine ~ N®methyladenine =

6-mercaptopurine ~ 6-(methylthio)purine.

Introduction

Since the discovery of AZT! in 1985, a number of
nucleosides have been identified as potent and promising
anti-HIV agents.2 AZT,® DDI* and DDC’ have been
approved for the treatment of AIDS and AIDS-related
complex, and several other nucleosides are undergoing
clinical or preclinical development. Although AZT, DDI,
and DDC have been reported to be clinically useful to
treat AIDS either alone or in combination, side effects,
toxicities, and drug resistance may limit their usefulness.®
Inorder to discover more potent and less toxic compounds,
a number of nucleosides were synthesized and evaluated
against HIV in vitro. Among these, dioxolane’® and
oxathiolane® nucleosides are unique in that the classical
carbohydrate moieties of nucleosides are replaced with
dioxolane and oxathiolane ring systems. It is noteworthy
that two of the oxathiolane nucleosides, (-)-(2R,58)-1-
{2-(hydroxymethyl)oxathiolan-5-yl]cytosine (3TC)® and
(-)-8-L-2',3’-dideoxy-5-fluoro-3’-thiacytidine (FTC) are
undergoing advanced preclinical evaluations as anti-HIV
agents. As a part of our efforts to discover useful anti-
HIV nucleosides, we have recently reported the asymmetric
syntheses of (+)-(2S,5R)-1-{2- (hydroxymethyl)oxathiolan-
5-yllcytosine [D-like nucleoside]!? and (-)-(2R-58)-1-[2-
(hydroxymethyl)oxathiolan-5-yl]cytosine [L-like nucleo-
side]!! (3TC) (Figure 1) from chiral carbohydrate tem-
plates, 1,6-anhydrohexoses, and evaluated these com-
pounds against HIV and human hepatitis B virus. It was
found that 3TC is significantly more potent than (+)-
(28,5R)-1-{2-(hydroxymethyl)oxathiolan-5-yllcytosine. In-
terestingly, this is the first example of an L-nucleoside
being more potent than a D-nucleoside. Furthermore, 3TC
has been shown to be significantly less toxic than (+)-
(2S,5R)-1-{2-(hydroxymethyl)oxathiolan-5-yl] cytosine in
CEM cells.!!

Recently, we have reported an asymmetric synthesis of
(-)-dioxolan-4-ylthymine from 1,6-anhydro-D-mannose
and it was found to be a potent anti-HIV agent (ECy =
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Figure 1.

0.39 uM) in human peripheral blood mononuclear (PBM)
cells.!? Interestingly, we have found that (%)-dioxolan-
4-ylthymine was somewhat more potent than the enan-
tiomerically pure (-)-D-isomer. Thus, synthesis of the
antipode,!3s the (+)-L-isomer, is of interest, which is in
progress in our laboratory.

Recently, we have reported the structure—activity re-
lationships of enantiomerically pure dioxolanylpyrimidine
nucleosides as anti-HIV agents in PBM cells.13b It was
discovered that the unsubstituted cytosine derivative was
the most potent compound (ECs = 0.016 uM) although
it exhibited marked toxicity. The uracil and 5-methyl-
cytosine derivatives were inactive and 5-chloro and 5-bro-
mo derivatives were moderately active. In this paper, the
synthesis and structure—activity relationships of dioxo-
lanylpurine nucleosides are reported.

Synthesis

The chiral key intermediate 1 was synthesized in nine
steps from 1,6-anhydro-D-mannose,!213 which was con-
densed with silylated 6-chloropurine in the presence of
TMSOTT to obtain the a,8-mixture of 8 and 2 (Scheme I).
Itisinteresting to mention that initially formed Ns-isomers
were converted to the desired Ng-isomers on heating of
the reaction mixture.!4 The resulting anomeric mixture
(1:1) was separated by flash silica gel column chroma-
tography using hexanes-ethyl acetate (1:1) as the eluent.
The 6-chloropurine derivative 2 was treated withammonia
in DME and 2-mercaptoethanol/sodium methoxide in
methanol!® to give 6-amino 13 and 6-hydroxy 10 deriva-
tives, respectively. Upon treatment of 13 and 10 with
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n-Bu,NF the desired nucleosides 25 and 22 were obtained
in good yields. Treatment of 2 with n-Bu,NF gave the
6-chloro derivative 16 which was converted to N®-methyl
derivative 28 upon treatment with MeNH; in a steel bomb
at 85 °C. The 6-SH derivative 30 was obtained by the
treatment of 16 with NaSH in methanol.l” The reaction
of 30 with CH3l and NaOMe in methanol gave the S¢-
methyl derivative 31 as well as the 6-OMe derivative 32,
which were separated by silica gel column chromatography.
The corresponding a-isomers 11, 14, 17, 23, 26, and 29
were obtained by the similar reactions as described for
the S-isomers. 2,6-Disubstituted purine derivatives 18-
21, 24, and 27 were synthesized by the condensation of
acetate 1 with thesilylated 6-chloro-2-fluoropurine, which
gave amixture of (a/8 =1/1.3) of § and 4 (Scheme I). Once
again the initially formed Ns-isomers were converted into
the desired Ng-isomers during stirring overnight at room
temperature. The analytical sample was obtained from
the separation of the a,8-mixture to the individual isomers
5 and 4 by preparative TLC using CHzCl;-acetone (19:1)
as the developing solvents. However, for the purpose of
preparing the final products 18-21, the mixture of 4 and
5 was treated with NH; in DME! to give a mixture of 6-9,
which was separated to the individual isomers 6 (24%),
7 (186%), 8 (25.8%), and 9 (16%). The guanine 12 and
2,6-diamino 15 derivatives were prepared by the treatment
of 6 with 2-mercaptoethanol/NaOMe!¢ and ammonia in
ethanol,!® respectively. The free nucleosides 18-21, 24,
and 27 were obtained upon treatment of the corresponding
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5’-silylated nucleosides with n-Bu,NF in good yields. The
a-isomers 20 and 21 were also prepared by the similar
procedure as the B-isomers. Since N®-methyl!? and
2-chloroadenine nucleosides!? are biologically of interest,
compounds 37-40 were prepared from the condensation
of acetate 1 with the silylated 2,6-dichloropurine followed
by silica gel separation of the mixture of 33 and 34 and the
treatment with MeNH; or ammonial® to give 35 and 36,
respectively (Scheme II). Desilylation of 35 and 36
afforded the desired nucleosides 37 and 88. The physical
and optical data and 'H NMR spectral data of synthesized
nucleotides are shown in Table I and TableIl, respectively.
The stability of (-)-(2R,4R)-dioxolan-4-ylguanine 24 and
(-)-(2R,4R)-dioxolan-4-ylthymine!3 was tested in pH 2, 7,
and 11 buffer solutions at 37 °C for 2 days. These two
compounds were found to be stable under these conditions.
Anti-HIV-1 Activity

Anti-viral activities of the synthesized dioxolanyl nu-
cleosides were evaluated in human PBM cells infected
with HIV-1 strain LAV.2 As shown in Table III, most of
the compounds exhibited good to excellent anti-HIV
activities. Ingeneral, the 8-isomers were more potent than
the a-isomers. The decreasing order of antiviral activity
of the most potent compounds was as following: guanine
> 6-Cl-2-NH;-purine > 2-F-adenine = adenine 2 2,6-
diaminopurine 2 hypoxanthine > 2-Cl-adenine > 6-Cl-
purine =~ N6-Me-adenine ~~ 6-SH-purine = 6-SMe-purine.
It is interesting to note that the (+)-a-isomer of 6-Cl-
purine derivatives 17 was found to be more potent than
that of the corresponding (-)-g8-isomer. This may be
related to the greater overall cell toxicity of the compound
compared to the S-isomer 16 which produced a low
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Table 1. Physical and Optical Data

Kim et al.

no. mp, °C (solvent)® [a]%p deg formula anal.
2 128~-129 (b) -8.12 (¢ 1.09, MeOH) CosHp7CIN,O3Si C,H N
3 102-105 (b) +16.49 (c 1.09, MeOH) CosH2,CIN(0;8i-0.32(C,H5)20 C,H,N
4and 5 146-147 CosHzCIFN,O;Si C,H,CLF N
6 6465 -38.39 (¢ 0.46, CHCly) C2sHsCINsO58i C,H,CLN
7 181-182 (j) =4.2 (¢ 0.25, CHCly) CosHosFN503Si C,H,F,N
8 60-61 +24.90 (¢ 0.25, CHCl,) CosHsCINGO3Si C,H,CLN
9 178-179 (§) +30.2 (¢ 0.25, CHCly) CosHpsFN503Si C,H,F,N
10 99-101 (e) -1.10 (¢ 1.14, MeOH) CosHsN404Si-0.3MeOH C,H,N
11 152-154 () +17.31 (¢ 1.08, MeOH) CosH2sN4048i-0.37MeOH C,H,N
13 144-146 () -1.84 (¢ 1.01, MeOH) CosHsN5s03Si C,H,N
14 122-123 (h) +23.12 (¢ 1.01, MeOH) CosHaoNs03Si C,H,N
16 148~149 (c) =29.09 (¢ 0.9, MeOH) CoHyCIN,05-0.06CsH, 4 C,H,N
17 113-116 (e) +31.93 (¢ 0.86, MeOH) CyHyCIN035-0.05CgH, 4 C,HN
18 193 () =50.25 (¢ 0.25, MeOH) CoH,,CINsO3 C,H,CLN
19 247 (j) -17.0 (¢ 0.25, MeOH) CoH,0FN;503 C,H,F,N
20 67-68 (j) +24.90 (¢ 0.5, MeOH) CoH,;(CINsO3 C,H,CLN
21 263-264 (j) +49,86 (¢ 0.21, H;0) CeH,0FN5O03 C,H,F,N
22 205-208 (d) -19.76 (¢ 0.43, MeOH) CoH,oNO, C,H,N
23 228-231 (d) +37.65 (¢ 0.75, MeOH) CoH,oN,40, C,HN
24 280 (dec H,0) =110 (c 0.25, H,0) CgH;;NsO4 C,H,N
25 162-165 (g) -30.74 (c 0.85, MeOH) CoH,1N;0; C,H,N
26 176-179 (i) +38.79 (¢ 1.09, MeOH) CoH,;N;03 C,H,N
27 236-237 (j) -71.44 (¢ 0.25, MeOH) CyH,,NgO3 C,H,N
28 139-141 (d) -27.04 (¢ 0.91, MeOH) CioH13N503 C,H,N
29 foam +36.82 (¢ 0.95, MeOH) C1oH13Ns03 C,H,N
30 204-205 dec -39.77 (¢ 0.28, H,0) CoH;oN,05S8 CHN
31 115-116 (f) -36.39 (¢ 0.12, MeOH) C1oH12N(O5S8 C,H,N
32 111-112 () -26.98 (¢ 0.61, MeOH) CyoH12NO4 C,H,N
33 186~187 (j) -8.6 (¢ 0.25, CHCly) CasHeClLN4O5Si C,HCLN
34 98-99 (j) +32.7 (¢ 0.25, CHCly) CosH26CloN,OsSi C,H,CL, N
35 170 (j) =1.1 (¢ 0.25, CHCl) C2sH30CIN35058i-0.06CHCl;3 C,HC,N
36 199-200 (k) =3.2 (¢ 0.25, CHCly) CosHsCIN;O58i C,H,CLN
37 149 dec -33.31 (¢ 0.25, MeOH) C10H,:CINs03 C,HC,N
38 222 dec =24.3 (¢ 0.22, MeOH) CoH,,CIN;:03 C,H,CLN
39 184-185 (j) +33.7 (¢ 0.25, CHCly) C2sH3CIN5058i-MeOH-0.05CHCl3 C,H,CLN
40 197-198 (j) +39.8 (¢ 0.23, MeOH) CoH,0CINsO; C,HCLN

s Solvents. ® Ether. ¢ Hexane—~CHCl3. ¢ CHCly-MeOH. ¢ Ether-hexane. / Hexane. ¢ CH;Cl;-MeOH. » EtOAc-hexane.  EtOAc.  MeOH. * Et-

OAc-CH.Cl,.

multiplicity of the virus. The antiviral results presented
inTableIIl are theaverage values of at least threeseparate
experiments using different donor cells. Furthermore, we
are confident in assigning the structures of these com-
pounds since 6-chloropurines 2 (8) and 8 (a) were
subsequently used for further modifications to adenine
and hypoxanthine analogues in which S-isomers, as
expected, were found to be more potent than the a-isomers.
In summary, among the compounds tested, the guanine
analogue 24 was the most potent anti-HIV-1 nucleoside
with a low toxicity in PBM and Vero cells. Itisinteresting
that the guanine analogue was more potent than either
the 2,6-diamino or 2-amino-6-chloro derivative. We hy-
pothesize that these compounds are likely to be substrates
for adenosine deaminase. The hydrolysis at the 6-position
of 2-amino-6-chloropurine 18 and 2,6-diaminopurine 27
would produce a guanine analogue 24. Biochemicalstudies
to validate this hypothesis are underway. Furthermore,
virological and biochemical studies with those compounds
will define their usefulness as anti-HIV agent for the
treatment of AIDS.
Experimental Section

Meiting points were determined on a Mel-temp II, laboratory
device and are uncorrected. 'H NMR spectra were recorded on
a JEOL FX 90Q or Bruker 300 Fourier transform spectrometer
for 90-MHz or 300-MHz 'H NMR spectra, respectively, with
Me,Si as internal standard; chemical shifts are reported in parts
per million () and signals are quoted as s (singlet), d (doublet),
t (triplet), q (quartet), orm (multiplet). UV spectrawereobtained
on a Beckman DU-7 spectrophotometer. Optical rotations were
measured on a Jasco DIP-370 digital polarimeter. TLC was
performed on Uniplates (silica gel) purchased from Analtech Co.

Elemental analyses were performed by Atlantic Microlab, Inc.,
Norcross, GA or Galbraith Laboratories, Inc., Knoxville, TN.
Dry 1,2-dichloroethane and methylene chloride were obtained
by distillation from CaH, prior to use.
(-)-(2R4R)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl)-6-chloropurine (2) and (+)-(2R,45)-9-[2-
[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-y1}-
6-chloropurine (3). A mixtureof6-chloropurine (3.6 g, 23 mmol)
and ammonium sulfate (catalytic amount) in hexamethyldisi-
lazane (50 mL) was refluxed for 2 hunder N,. The clear solution
obtained was concentrated in vacuo and the residue was dissolved
in dry CH,Cl; (20 mL) followed by a solution of acetate 1 (4.68
g 12 mmol) in dry CH,Cl, (30 mL) and TMSOTf (2.6 mL, 13
mmol) at room temperature. After stirring the reaction mixture
for 30 min at room temperature, it was refluxed for 14 h under
N.. During reflux, the initially formed N;-isomers were converted
to desired Ny-condensed products.’* The reaction solution was
then poured into an ice-cold mixture of CH,Cl, (20 mL) and
saturated NaHCO; solution (20 mL), stirred for 15 min, and
filtered through a Celite pad. The organic layer was washed
with saturated NaHCOj; solution and brine and dried (MgSO,).
The solvents were removed under reduced pressure and the
residue was separated by silica gel column chromatography to
give 2 [R; = 0.64 (hexanes-EtOAc, 1:1), 1.62 g, 28%] and 3 (R,
=0.71,1.61g, 28%) as syrups, which were crystallized from ether.
2: UV (MeOH) Apy; 264.0 nm. 3: UV (MeOH) Apyy 264.0 nm.
(2RAR) and (2R ,48)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyi)-1,3-dioxolan-4-yl]-6-chloro-2-fluoropurine (4 and
5). A mixture of 2-fluoro-6-chloropurine (4.05 g, 23.47 mmol)
and ammonium sulfate (catalytic amount) in hexamethyldisi-
lazane (40 mL) was refluxed for 2 h. The resulting solution was
concentrated under anhydrous conditions to yield silylated
2-fluoro-6-chloropurine as a white solid. To a cooled (0 °C) and
stirred solution of silylated 2-fluoro-6-chloropurine (5.69 g, 23.69
mmol) and 1 (7.84 g, 19.57 mmol) in dry methylene chloride (175
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mL) was added TMSOT{ (4.41 mL, 23.44 mmol). The reaction
mixture was warmed to room temperature and stirred for 16 h,
during which time, all the initially formed Nj-isomers were
converted into desired Ny-isomers. The reaction mixture was
quenched with saturated NaHCOQj; solution (50 mL), stirred for
additional 20 min at room temperature, and evaporated to dryness
under reduced pressure, and the residue was dissolved in EtOAc
(200 mL), washed with water and brine, dried (anhydrous Na,-
S0,), filtered, and evaporated to give a solid residue, which was
purified by silica gel column chromatography (20% EtOAc in
hexanes) to afford a mixture of 8-anomer 4 and c-anomer 5 (1.3:
1; 8/) as a white crystalline solid (6.30g, 62.8%). The analytical
sample was purified by preparative TLC using CH,Cl,-acetone
(19:1) as the developing system to give 4 (R = 0.50) and 5 (R; =
0.55) for NMR characterization: UV (MeOH) A_,; 269.0 nm.

(-)-(2R,4R)-2-Amino-9-[2-[[ (tert-butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]-6-chloropurine (6), (-)-(2R,4R)-
9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-
yl]-2-fluoroadenine (7), (+)-(2R,4S)-2-Amino-9-[2-[[(tert-
butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-y1]-6-
chloropurine (8) and (+)-(2R,4S)-9[2-[[(tert-Butyl-
diphenylsilyl)oxy]methyl]-1,3-dioxolan-4-y1]-2-fluoroade-
nine (9). Dry ammonia gas was bubbled into a stirred solution
of 4 and 5 (6.25 g, 12.18 mmol) in DME (125 mL) overnight. The
solvent was evaporated under reduced pressure, and the residue
was subjected to chromatographic separation of the four com-
pounds on silica gel column (20-30% EtOAc in CH,Cl;). 6 (R,
=0.35,1.49g, 24%): a white crystalline solid, UV (MeOH) Ans
309.5 nm. 7 (R; = 0.21, 1.12 g, 18.6%): colorless needles, UV
(MeOH) A, 261.0,268.0 (sh) nm. 8 (R;=0.43,1.60g, 25.76%):
a white crystalline solid, UV (MeOH) Ans 310.0 nm. 9 (B; =
0.12, 0.96 g, 16%): a microcrystalline solid. UV (MeOH) Apax
261.0, 269.0 (sh) nm.

(-)-(2R,4R)-9-[2-[[ (tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl]Jhypoxanthine (10). A mixture of 2 (260 mg,
0.53 mmol), 2-mercaptoethanol (0.147 mL, 2.1 mmol),and NaOMe
(2.1 mmol, prepared by dissolving 48.3 mg of Na in MeOH) in
MeOH (20 mL) was refluxed for 1.5 h under N,. The mixture
was cooled, neutralized with glacial AcOH, and evaporated to
dryness under vacuum. The residue was dissolved in CHCl; (100
mL) and washed with saturated NaHCOQj; solution (10 mL) and
brine and dried (MgSO,). The solvents were removed under
reduced pressure, and the residue was purified by silica gel column
chromatography (CHCl;-MeOH, 40:1) to give 10 (223 mg, 89% ),
which was crystallized from ether-hexanes: UV (MeOH) Amax
249.0 nm.

(+)-(2R,485)-9-[2-[[ (tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl]hypoxanthine (11). A mixture of 3 (260 mg,
0.53 mmol), 2-mercaptoethanol (0.147 mL, 2.1 mmol), and NaOMe
(2.1 mmol, prepared by dissolving 48.3 mg of Na in MeOH) in
MeOH (20 mL) was refluxed for 1.5 h under N,. After work-up
similar to that of 10, purification by silica gel column chroma-
tography (CHCl;-MeOH, 30:1) gave 11 (247 mg, 99%), which
was crystallized from ether-hexanes: UV (MeOH) Ap.. 249.0
nm,

(-)-(2RAR)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-ylladenine (13). A solution of 2 (258 mg, 0.52
mmol) in NHy/DME (20 mL) was heated at 85 °C in a steel bomb
for 24 h. After cooling, the solvent was removed under vacuum
and the residual syrup was purified by column chromatography
(silica gel 230-400 mesh) using CHC1;-MeOH (20:1) as the eluent
togive 13 as a white solid (184 mg, 74%): UV (MeOH) A, 260.0
nm.

(+)-(2R,48)-9-[2-[[ (tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl]adenine (14). A solution of 3 (200 mg, 0.4
mmol) in NHz/DME (20 mL) was heated at 85 °C in a steel bomb
for 24 h. After work-up similar to that of 13, purification by
silica gel column chromatography (CHCl;-MeOH, 20:1) gave 14
as a white solid (190 mg, 99%): UV (MeOH) Ap.: 260.0 nm.

(-)-(2R,4R)-6-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]purine (16). A solution of 2 (0.3 g, 0.6 mmol) in THF (20
mL) was desilylated with 1 M n-Bu,NF/THF (0.9 mL, 0.9 mmol)
by stirring for 1 h at room temperature. After evaporation of the
solvent, the residue was chromatographed over silica gel (230-
400 mesh) using CHCl;-MeOH (20:1) as the eluent to give pure
16 (0.12 g, 82%), which was crystallized from hexanes-CHCl;:
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UV (H;0) Amax 264.0 nm (e 9290) (pH 7), 263.5 (¢ 9630) (pH 2),
263.3 (s (150) (pH 11).
(+)-(2R,48)-6-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]purine (17). A solution of 3 (0.3 g, 0.6 mmol) in THF (20
mL) was treated with 1 M n-Bu,NF/THF (0.9 mL, 0.9 mmol).
After evaporation of the solvent, the residue was chromatographed
over silica gel (230-400 mesh) using CHCl;-MeOH (20:1) as the
eluent to give pure 17 (0.13 g, 96 % ), which was crystallized from
ether-hexanes: UV (Hy0) Appy 264.0 nm (e 9720) (pH 7), 264.0
(¢ 11200) (pH 2), 263.8 (¢ 10840) (pH 11).
(-)-(2R,4R)-2-Amino-6-chloro-9-[2-(hydroxymethyl)-1,3-
dioxolan-4-yl]purine (18). A solution of 6 (0.46 g, 0.91 mmol)
in THF (20 mL) was treated with 1 M n-Bu,NF/THF (1.1 mL,
1.1 mmol) to give 18 (R;= 0.50, 0.21 g, 84 % ) as a crystalline solid,
which was recrystallized from MeOH: UV (H,0) Anay 307.0 nm
(¢ 8370) (pH 7), 307.5 (¢ 8590) (pH 2), 307.0 (¢ 8800) (pH 11).
(-)-(2R,4R)-2-Fluoro-9-[2-hydroxymethyl)-1,3-dioxolan-
4-yl]adenine (19). A solution of 7 (0.56 g, 1.12 mmol) in THF
(20 mL) was treated with 1 M n-Bu,NF/THF (1.35 mL, 1.35
mmol) to furnish 19 (0.24 g, 85%) as a white crystalline solid,
which was recrystallized from MeOH: UV (H;0) Ay 260.8 nm
(¢ 17010), 268.5 (sh) nm (¢ 13510) (pH 7), 261.0 (¢ 16390), 268.5
(sh) (¢ 13300) (pH 2), 260.8 (¢ 17320), 268.5 (sh) (¢ 13200) (pH
11).
(+)-(2R,4S)-2-Amino-6-chloro-9-[2-(hydroxymethyl)-1,3-
dioxolan-4-yl]purine (20). A solution of 8 (0.41 g, 0.81 mmo})
in THF (15 mL) was treated with 1 M n-BuNF/THF (0.96 mL,
0.96 mmol) to furnish 20 (0.20 g, 92.7%) as a crystalline solid,
which was recrystallized from MeOH: UV (H;0) Apax 307.0 nm
(e 8370) (pH 7), 307.5 (¢ 85%0) (pH 2), 307.0 (¢ 8800) (pH 11).
(+)-(2R,48)-2-Fluoro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]adenine (21). A solution of 9 (0.13 g, 0.26 mmol) in THF
(15 mL) was treated with 1 M n-BuNF/THF (0.32 mL, 0.32
mmol) to give 21 (0.05 g, 75 % ) as a white crystalline solid, which
was recrystallized from MeOH: UV (H;0) Apax 260.8 (¢ 16390),
268.5 (sh) nm (¢ 12890) (pH 7), 261.0 (¢ 15570), 268.5 (sh) (e
174200) (pH 2), 260.8 (¢ 16700), 268.5 (sh) (¢ 13200) (pH 11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]hy-
poxanthine (22). A solution of 10 (173 mg, 0.36 mmol) in THF
(20 mL) was treated with 1 M n-Bu/NF/THF (0.68 mL, 0.68
mmol). After evaporation of the solvnt, the residue was chro-
matographed over silica gel (230-400 mesh) using CHCl;-MeOH
(15:1) as the eluent to give pure 22 (70 mg, 81 %) as a white solid:
UV (H;0) Aper 247.9 nm (e 12320 nm (e 12320) (pH 7), 258.5 (¢
14350) (pH 2), 252.9 (¢ 16630) (pH 11).
(+)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-ylJhy-
poxanthine (23). A solution of 11 (180 mg, 0.38 mmol) in THF
(20 mL) was treated with 1 M n-BuNF/THF (0.70 mL, 0.70
mmol). After evaporation of the solvent, the residue was
chromatographed over silica gel (230-400 mesh) using CHCl,-
MeOH (20:1) as the eluent to give pure 23 (67 mg, 75%) as a
white solid: UV (H;0) Apax 248.4 nm (¢ 13060) (pH 7), 248.5 (¢
13570) (pH 2), 253.4 (¢ 13630) (pH 11).
(-)-(2R,4R)-9-(Hydroxymethyl)-1,3-dioxolan-4-yl]gua-
nine (24). A mixture of 6 (0.29 g, 0.57 mmol), HSCH,CH,OH
(0.51 mL), and 1 M NaOMe/MeOH (11.5 mL) in MeOH (20 mL)
was refluxed for 3 h. The reaction mixture was cooled and
neutralized with glacial AcOH. The solution was evaporated to
dryness, then the residue was triturated with CHCls, and filtered,
and the filtrate was taken to dryness to give crude compound 12
(0.21 g, 75%), which without further purification was subjected
to desilylation according to the same procedure described for 20
to give compound 24 (0.07 g, 61%) as a micro crystalline solid,
which was recrystallized from MeOH: UV (H,0) Ap,y 252.0 (e
12800), 274.0 (sh) nm (¢ 8730) (pH 7), 254.4 (¢ 12130), 277.5 (sH)
(¢ 8070) (pH 2), 264.3 (¢ 10.800) (pH 11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]ade-
nine (25). Asolution of 13 (130 mg, 0.27 mmol) in THF (10 mL)
was treated with 1 M n-Bu/NF/THF (0.3 mL, 0.3 mmol). After
evaporation of the solvent, the residue was chromatographed
over silica gel (230-400 mesh) using CH,Cl;-MeOH (15:1) as the
eluent to give pure 25 (53 mg, 82%) as a white solid: UV (H;0)
Amaz 258.9 nm (e 15240) (pH 7), 257.0 (¢ 15340) (pH 2), 258.9 (e
14990) (pH 11).
(+)-(2R,48)-9-[2-Hydroxymethyl)-1,3-dioxolan-4-yl]ade-
nine (26). Asolution of 14 (140 mg, 0.29 mmol) in THF (10 mL)
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Table II.

'H NMR Data

Kim et al.

no.

H-1¢

H,.2

Hy-2

H-4

H-5' (a and b)

other signals

2
3

10

11

13

14

18
17
18
19
20
21
22

23

24

25

26

27

28

30

81
32
33

685 (dd, Jiz, =
5.1 J1 r2h = 1.5)
657 (dd, Jyz. =
6, Juzn = 3.0)

6.45 (d Ty = 6.0)

6.47 (dd, Jy2e =
6.0, J12p = 3.0)

6.30 (d, Jy.gl =2.7)
6.39 (d, Jyz = 4.0)

6.36 (t, Jyg' = 3.3)

6.42 (d, Jy.g' = 4.0)

6.42 (dd, Jy.y. =
3.3, Jr2n=1.3)

6.46 (dd, Jy 2, =
4.5,J 12, = 2.8)

6.48 (dd, Jy 20 =
5.0, Jy.gfb =1.7)

6.50 (dd, Jy2e =
4. 2 Jya,ﬂ, = 3. 0)

6.58 (d, Jy.g'. = 5.0)
6.60 (t, Jyp = 5.0)
6.29 (d, Jy» = 4.8)
6.30 (d, Jy.2 = 5.0)
6. 31 dd, Jy o =

5.5, J) r2b = 5.0)
6.33 (t, Jr o = 4.8)

6.38 (dd, Jy/ g0 =
5.3, Jysz =1.1)

6.43 (t, Jiy = 4.8)

6.13 (dd, Jy.g'. =
1.8, Jr2b = 5.0)

6.42 (dd, Jy.g'. =4.4)

6.44 (dd, Jy o0 =
5.3, J12a = 4.4)

6.19 (dd, Jy,z'. =
8, Jy.2b = 5.7)

6.42 (dd, Jy g, =
5.3,J 20 = 1.8)

6. 44 (paeudo t, Jy 2 =

3,Jr2e
6.40 (d, J1.2¢ = 5.3)

6.69 (dd, Jy.g'. =
,Jl’.z’l = 1.5)

6.59 (dd, Jy2¢ =
6.3, Jron = 1.8)

6.49 (dd, Jy2 =
4.7, J12e = 1.3)

4.50 (dd, J2’l.2’b =
10.1, Jy 1 = 1.5)
4.50 (m)

4.48 (d, Jya 21 = 9.0)

4.51 (dd, Joe2p =
9.0, Jyer = 8.0)

4.46 (d, J2p21 = 12.2)

4.40 (d, J2421b = 9.9)

447 (A4, Jyaze =
12.0, 722 3.0)

4.46 (dd, Jou o =
10.0, Jgr.,y =44)

4.45 (dd, J2u2n =
9.8, szl'y =1.3)
4.47 (d, Jo, = 4.5)

4.46 (dd, Joap =

9.8, Jya =

4.47 (d, J2or = 3.0

4.65 (dd, Jza2v = 10.1)
4.50 (m)

4.54 (d, Jra 2 = 9.9)
4.52 (d, Jouzb = 10.0)
4.36-4.48 (m)

4.40 (d, J>r = 4.8)

4.52 (dd, Joupn =
9.9, Jz'.,y =1.1)

4.44 (d, Jy 1 = 4.8)

4, 43 (dd Joazn =
sz.'y =1, 8)

4.53 (d, Jye2p = 9.8)

4.43 (m)

4. 43 (dd Jra2p =
4,J2r = 1.8)

452 (@d, Jrezs =
9.7, Jrer = 1.8)

4.46 (d, Jy.'y =5.3)

487 (0d, Jru =
7, Jras- = 1.3)

4.66 (dd, Jyazn =
9.7, Jyey ='1.5)

4.63 (dd, Jyun =
é dzf:,,y = 1.8)

4.47(dd, Jrezn =
9.9, Jrar ='1.3)

4.30 (dd, J2p24 =
10.1, J2’b'1’ = 5.1)
5.65 (t, Jy. = 3.1)

4.30 (dd, Job2oe =
9.0, J21' = 6.0)

4.41 (dd, Job2n =
9.0, Jop,’ = 3.0)

4.23 (dd, Jop.2e =
2.2, J2py = 3.8)

4.24 (dd, Jop2e =
9.9, Jon,r = 3.0)

4.40 (dd, Jobze =
12.0, Jyp, = 3.0)

4.38 (dd, Job2e =
10.0, Joy = 2.2)

4.25 (dd, Jop2n =
9.8, Jor,r = 3.3)

4.29 (d, Jopy = 2.8)

4.25 (dd, Jop2e =
9.8, J21,r = 5.0)

4.46 (d, J2’b'1’ = 4.2)

4.27 (dd, J3p2a =
10.1, J2’b'1’ = 5.0)

4.19 (dd, Jop2e =
9.9, Jor,rr = 5.1)

4.20 (dd, Jop2e =
10.0, Jop,1 = 5.0)

4.35 (dd, Jopze =
9.9, Jrvy = 5.3)

4.15 (dd, Jop2a =
9.9, Jo1,r = 5.0)

4.23 (dd, Jop2e =
9.5, erby =4.4)

4.15 (dd, Jn 2'.
9.4,Jap1 = 5.7)

4, 23 (dd Sop2e =
7, Jony = 6.3)

4.17(d, Jopy = 4.4)

4.23 (dd, Joboe =
9.7, J2'b1'=53)

4.34 (dd, Jopg =
s Joe,r ® 5.0)
4.38 (dd, be.y. =
, Jony = 5.3)
4, 26 (dd Joboa =
9, Jrny = 4.7)

5.23 (t, Jy,s' = 3-5)
3.80 d, Jyu =3.1)
5.21 (t, Jyp = 3.0)

5.64 (t, Jy = 3.0)

5.21(t, Jy5 = 3.0)

5.17 (¢, Jyw = 3.0)

5.58 (t, Juy = 2.7)

5.61 (t, Jy5 = 2.2)

5.21 (t, Jup = 3.5)
5.62 (t, Jy5 = 3.9)
5.21 ¢, Jyy = 3.5)
5.62 (t, Juy =3.1)

5.12 (t, Joy = 2.6)
5.58 (t, Jyy = 3.6)
5.06 (t, Jy5 = 2.9)
5.05 (t, J"'ﬁ’ = 2.5)
5.49 (t, J"'ﬁ’ = 5-0)
5.45 (t, Jo5 = 3.5)
5.07 (t, Jyp = 3.1)
5.49 (t, Jy.y = 3.7)
4.99 (t, J‘w = 3-2)
5.07 (t, Jy}y = 3.1)
5.56 (t, J"'ﬁ’ = 3.7)
5.03 (t, J‘w = 3-0)

5.08 (t, Jyy = 3.1)

5.61(t, Jyp = 3.5)

5.08 (t, Jyy =2.9)

5.06 (t, Juy = 2.4)
5.19 (t, Jyy = 2.2)

3.91 (d, Jy¢ = 3.5)

3.93 (dd, Jopse =
0. 5) J&’ ¢ = 3. )v
d; Jb’b,s’
10.5 v =
3.82 (dd I, 5/.
0) JB’I," )v
, Jsnge ®
120 Jeve = 3.0)
3.91 (dd, Jypen =
;0 .0, Jye s = 8. 0),

s o, 5'.
10.0, be = 3 0)
3. 92 (dd Jy.'yb =
, 5’ c = 3. 0))
.d Jibse =
9 Jm,,y =3, 0)
3.70 (dd Jy.,m, =
12.2, Jye e = 2.T),

.73 (dd, be,sr =

12, 2 be'y =2.7)
3.78 (dd, Jyesp =

11.0, Jyaa = 2.2),

3.74 (dd, Jsp 54
11.0, Jyry w5r2)

3.89 (d, Jy4 = 3.5)
3.79 (d, Jyy = 3.1)
3.91 (d, Jy = 3.5)
3.78 (d, Jys = 3.1)

3.65 (dd, Jyon =
.5, Jy 4 = 2.6)
3.52 (dd, Jy.ou =
6.0, Jy ¢ = 3.6)
3.60 (m)

3.61 (dd, Jy,oﬂ =
s JB’A’ = 2-5)

3.46-3.51 (m)

3.38-3.66 (m)

3.62 (dd, Jy.on =
6.0, Jy.o = 3.1)

3.50 (dd, Jyon =
6.0, Jy 4 = 3.7)

3.57 (dd, Jy son =
5.6, Jy4 = 3.2)

3.62 (dd, Jngu =5.7,

Jyu =

3.50 (dd, Jyon =
0) J5’.4’ = 3-7)

3.59 (dd, Jyyou =
5.8, Jy.¢ = 3.0)

3.62 (dd, Jyon =
.1, ng = 3.1)

3. 49 (dd, Jyou =
5.7), wa = 3.5)

3. 64 (dd, Jy oH =
8.4, J5w = 2.9)

3.81 (d, Jy.¢ = 2.4)

3.82 (d, Jyu = 2.2)

5.20 (t, J¢3,y =3.1) 3.91(d,Jyv =3.1)

1.07 (s, t-Bu), 7.51 (m, Ar),
8.37 (s, H-8), 8.72 (8, H-Z)"
1. 09 (s, t-Bu), 7.55 (m, Ar
8.29 (s, H-8), 8.76 (s, H-Z)"
1.07 (s, t-Bu), 7.32-7.67
(m, Ar), 8.38 (s, H-8)°

1.08 (s, ¢-Bu), 7.37-7.72
(my Ar)! 8'25 (B, H‘s)b

1.06 (s, t-Bu), 5.20 (br s, NH;),
7.38-7.67 (m, Ar),
7.96 (s, H-8)®

1.07 (s, t-Bu), 6.10 (br s, NH,),
7.356~7.69 (m,
8.05 (s, H-8)®

1 08 (s, t-Bu), 5.18 (br s, NHy),
7.40-7.72 (m,
7.93 (s, H-8)°

1.08 (s, t-Bu), 5.18 (br s, NH,),
7.40-7.72 (m, Ar),
7.93 (s, H-8)°

1.07 (s, t-Bu), 1.70 (br s, 6-OH),
7.54 (m, Ar), 8.05 (s, H-8),
8.24 (s, H-2)®

1.09 (s, t-Bu), 1.76 (br s, 6-OH),
7.55 (m, Ar), 8.00 (s, H-8),
8.21 (s, H-2)b

1.07 (s, t-Bu), 5.69 (br 8, NH,),
7.51 (m, Ar), 8.37 (s, H-8),
8.72 (s, H-2)®

1.08 (s, t-Bu), 5.69 (br s, NH,),
7.66 (m, Ar), 7.97 (s, H-8),
8.37 (s, H.

5.13 (t, Joyy = 5.5, OH
8.81 <s,'1fs), 584 (s, H-2)

5.04 (t, Joyy = 6.0, OH),

8.83 (s,'ﬁ 8, H-2 a

513(t,Jo =61 OH), 6.92
(br s, lh 08 (s, H-8)2

5.15 (t, Jous - 5 0, OH), 7.87
(br 5, NHy), 8.27 (s, H-8)¢

5.05 (t, Jo =50,0H) 7.04
(brs, NHl'f/z), 8.28 (s, -8)e

498(t,Jo = 6.2, OH), 7.83
(br s, NHy), 8.24 (s, H-8)¢

512(t, v = 6.0, OH), 7.0
(ors %lg), 8.07 s, H-8),

(sv -2)°

2. 35 (br s, 6-OH), 5.01
(t, Jous = 6.0, OH),

8.08 (s, H-B), 8 24 (s, H-2)°

5.07 (t, Joug = 5.6, OH), 6.45
(brs, lez), 7.82 (s, H-8),
10.57 (br s, OH)?

5.14 (t, Jous = 5.7, OH), 7.26
(brs, N% , 8.16 (s, H-8),
8.28 (s, H-2)°

4.99 (t, Jous = 6.0, OH), 7.29
(brs, l\m , 8.17 (s, H-8),
8.29 (s, H-2)°

5.13 (t, Jous = 6.3, OH), 5.78
(Sbr 8, l\ﬂig),)ﬁ 88 (br s, NHj),

2.99 (d, JnmeNs = 4.5, NMe),
5.14 (t, Jo;w = 6.1, OH),
7.70 (d, I Nu.-45),823
(s, H-G), 8.27 (s, H-2)#

2.99 (d, JNM..NH = 4.0, NMe),

Hs = 5.7,
772 (d o = 40),8.24
(s, H-G) 8 27 (8, }(1)-2)"
5.11 (¢ Jo}.[ = 6.4, OH), 8.22
EB' 5 436, H 3T
brs, S
2. 69 (s, SMe), 8.56 (s, H-8),
66 (s, H-2)¢
4, 13 (a, OMe), 8.47 (s, H-8),
49 (s, H-2)
107(!, t-Bu), 7.65, 7.39
(m, Ar), 8. 39 (s, H-S)"
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no. H-14 H,-2’ Hy-2' H-4 H-5’ (a and b) other signals
3¢ 6.51(dd, er = 4.44 (m) 563, Jyy =31 379(d,Jye=31) 1.08 (s, t-Bu), 7.66,7.43
, Jrg = 2.34) (m, Ar), 8.25 (s, H-8)®
35 6. 42 (dd Jrgm = 4.38 (dd, Joe21, = 4.20 (dd, Joboe = 516 (t,Jys =3.5) 3.89(d,Jye=385 L 07 (s, t-Bu), 3 19 (d
49,Jy 20 = 1.6) .7, Jrey = 14 9.7, Jz'b1=49) e),596
(br s,'wH
(m, Ar), 7. 97 (s, H-G)"
36 643dd,Jyzn=  4.40(dd,Jrzn=  4.22(dd,Jenze= 517t Jey =32 3.91(d,Jye=382 107 (s,¢-Bu), 6.11 (brs, NHy),
4.8,Ju2, = 1.4) 9.9, Jyor = 1.4) 9.9, Joby = 4.8) 7.68, 7.38 (m, Ar),
8.06 (s, H-8)®
37 6.36(dd,Jy2p = 4.52 (dd, Joe2n = 4.20 (dd, J2p20 = 5.06 (t,Jyy=29) 3.61(dd,Jyon= 2.92 (d, JumeNH = 4.0, NMe),
5.2, Jy 2 = 1.3) 9.9, Jyy = 1.3) 9.9, Jopy = 5.2) 9, Jyv = 2.9) 5.14 (t, Jouy = 6.9, O
8.19 (br s, %fl{),
8.29 (s, H-8)2
38 6.34 (dd, Jy 21 = 4.52 (dd, Joaon = 4.20 (dd, Jpp20 = 5.04 (t,J¢y =29) 3.61(dd,Jyon= 5.08 (t, Jous = 5.9, OH), 7.79
oz m13) 08 =13 98wy =6.1) g = 2.9) (br s, NH»), 8.29 (s, H-8)e
39 6. 46 (dd Jrg = 4.38 (m) 5.60 (t,J¢p =8.1) 3.76(d,Jye =3.1) 1.08 (s, t-Bu), 6.13 (br s, NH,),
4.5,J vy = 2.5) 7.68,7.39 (m, Ar),
7.94 (s, H-8)®
40 6.38 (t, J)f.gl =47 4.42 (d, Jg"y =4.7) 5.47 (t, Jy.s' = 3-6) 3.49 (dd, J5',0H = 5.02 (t = 6-0, OH), 7.83
6.0, Jye = 5.6) (br's, NHy), 8.31 s, H-8)¢

¢ DMSO-dg. * CDCl;. ¢ CD;COCDs. 9 Part per million downfield from TMS. ¢ In order to avoid complications, the furanose numbering

system was used for interpretation of the NMR data.

Table III. Median Effective (ECs) and Inhibitory (ICso) Concentration of (2R)-Dioxolanylpurine Nucleosides in PBM Cells and

Cytotoxicity in Vero and CEM Cells

Ho—kﬁASE

Ho—l/j

HoO H BASE
anti-HIV-14 in cytotoxicity in cytotoxicity in cytotoxicity in
compd no. base anomer PBMcells: ECs, uM PBM cells: ICs0, kM Vero cells: ICso, uM  CEM cells ICs, uM
25 adenine -8 0.5 >100 >100 >100
26 adenine (+)a 6.2 >100 >100 >100
22 hypoxzanthine (=)-8 5.0 >100 >100 >100
23 hypoxanthine (+)-a >100 >100 >100 >100
16 6-Cl-purine )-8 22.8 >100 >100 >100
17 6-Cl-purine (+)-a 11.1 >100 >100 57.6
28 Ne&-Me-adenine =)-8 14.3 >100 >100 >100
29 Ne-Me-adenine (+)-a 30.3 >100 >100 >100
30 6-SH-purine )-8 26.5 >100 >100 >100
31 6-SMe-purine )-8 25.1 >100 >100 >100
32 6-OMe-purine )-8 58.1 >100 >100 >100
18 6-Cl-2-NH,-purine )-8 0.09 >100 >100 >100
20 6-Cl-2-NH,-purine (+)a 23.1 >100 >100 >100
19 2-F-adenine )-8 0.3 >100 93.3 >100
21 2-F-adenine +)-a 2.5 >100 >100 >100
24 guanine )-8 0.03 >100 >100 >100
27 2,6-diaminopurine )-8 0.7 >100 >100 >100
37 2-Cl-N8-Me-adenine =)-8 40.0 >100 >100 >100
38 2-Cl-adenine )-8 1.7 >100 >100 >100
40 2-Cl-adenine (+)a 39.9 >100 >100 >100
AZT 0.004 >100 28.0 30.9
¢ Mean of triplicate values.

was treated with 1 M n-Bu,NF/THF (0.32 mL, 0.32 mmol). After
evaporation of the solvent, the residue was chromatographed
over silica gel (230-400 mesh) using CH,Cl,-MeOH (20:1) as the
eluent to give pure 26 (67 mg, 96%) as a white solid, which was
triturated with ethyl acetate: UV (Hy0) Aoy 258.9 nm (e 15800)
(pH 7), 257.0 (¢ 16020) (pH 2), 259.4 (¢ 15070) (pH 11).
(-)-(2R,4R)-2-Amino-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-ylladenine (27). A steel bomb was charged with compound
6 (0.28 g, 0.55 mmol) and anhydrous EtOH (20 mL) saturated
with NH;and heated at 90 °Cfor6h. After cooling, the compound
15 (0.26 g, 95% ) obtained on evaporation of the solvent in vacuo
was desilylated according to the same procedure described for
preparation of 16 to give 27 (0.10g, 75%) as white micro needles,
recrystallized from MeOH: UV (H;0) Aps: 279.0 nm (¢ 8040)
(pH 7), 280.0 (¢ 7070) (pH 2), 278.8 (¢ 75680) (pH 11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]-Ns-
methyladenine (28). A solution of 16 (50 mg, 0.22 mmol) and
methylamine (40 wt.% solution in H,0, 2mL) in MeOH (10 mL)
was heated at 85 °C in a steel bomb for 5 h. After cooling, the
solvents were removed under vacuum. The residual syrup was
purified by column chromatography (silica gel 230-400 mesh)
using CHCl;-MeOH (15:1) as the eluent to give 28 as a white

solid (52 mg, 93%): UV (Hy0) A 265.5 nm (¢ 5100) (pH 7),
264.0 (¢ 4150) (pH 2), 265.5 (¢ 4600) (pH 11).

(+)-(2R,495)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]-N¢-
methyladenine (29). A solution of 17 (67 mg, 0.3 mmol) and
methylamine (40 wt.% solution in H,0, 2.8 mL) in MeOH (10
mL) was heated at 85 °C in a steel bomb for 6 h. After workup
similar to that of 28, purification by silica gel column chroma-
tography (CHCl;-MeOH, 15:1) gave 29 as a colorless foam (57
mg, 76%): UV (Hy0) Ama: 265.3 nm (e 18000) (pH 7), 261.9 (e
18760) (pH 2), 265.3 (¢ 17300) (pH 11).

(-)-(2R4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]}-6-
mercaptopurine (30). A stream of H,S was bubbled through
a refluxing solution of 16 (0.18 g, 0.7 mmol) in anhydrous MeOH
(30 mL) for 10 min. Then, NaSH in anhydrous MeOH (1 N, 2.1
mL) was added dropwise while heating and the introduction of
H,S was continued for 1.5 h. The yellowish solution was cooled
to room temperature and the pH of the solution was adjusted to
6-7 with 1 N methanolic acetic acid. Solvents were removed
under reduced pressure to give yellowish solid which was purified
by silica gel column chromatography (CHCl;-MeOH, 10:1) to
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yield 30 as a colorless solid (0.14 g, 76%): UV (H,0) Apax 320.0
nm (¢ 20,300) (pH 7), 320.7 (¢ 21,130) (pH 2), 309.2 (¢ 20,880) (pH
11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl1]-S®-
methyl-6-mercaptopurine (31) and (-)-(2R,4R)-9-[2-(Hy-
droxymethy!)-1,3-dioxolan-4-y1}-Of-methylhypoxanthine (32).
A solution of 30 (80 mg, 0.3 mmol) in MeOH (15 mL) containing
NaOMe (0.3 mmol, prepared by dissolving 7.2 mg of Na in MeOH)
was stirred with Mel (0.07 mL) for 1.5 h at room temperature.
After removal of the solvent, the residual mixture was separated
by column chromatography (silica gel 230-400 mesh) using
CHCl;-MeOH (20:1) as the eluent to give 31 (R, = 0.54, 20 mg,
23.7%) and 32 (R; = 0.50, 30 mg, 36% ), which was crystallized
from hexanes. 31: UV (Hy0) Aps 258.8 (sh) nm (¢ 10890) (pH
7), 289.8 (sh) (¢ 14410) (pH 2), 289.8 (sh) (¢ 14130) (pH 11). 32:
UV (H;0) Amas 247.4 nm (e 8100) (pH 7), 247.4 (¢ 9100) (pH 2),
247.4 (¢ 8150) (pH 11).
(-)-(2R,AR)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-y1}-2,6-dichloropurine (33) and (+)-(2R,49)-
9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-
y1]-2,6-dichloropurine (34). A mixture of dichloropurine (3.06
g, 16.22 mmol) in dry dichloroethane (80 mL), hexamethyldi-
silazane (25 mL), and ammonium sulfate (catalytic amount) was
refluxed for 3 h under N,. Theresulting clearsolution was cooled
to =10 °C. To this cooled silylated dichloropurine were added
asolution of 1 (5.0 g, 12.48 mmol) in dry dichloroethane (50 mL)
and TMSOTY (3.13 mL, 16.22 mmol) and the mixture was stirred
for 10min. The temperature was brought upto room temperature
and the mixture was stirred overnight. TLC indicated the
presence of N-isomer. The reaction mixture was refluxed for
further 2 h at 80 °C (until almost all the Ns-isomer converted to
Ny-isomer). After cooling the reaction mixture, saturated NaH-
CO; (40 mL) was added and the mixture was stirred for 15 min.
Thesolvent was evaporated and the solid was dissolved in EtOAc
and washed with water and brine, dried, filtered, and evaporated
to give the crude product. This crude product was purified on
a silica column (EtOAc-hexanes, 1:4) to yield pure «,8 mixture
of 34 and 33 [R; = 0.57 (hexanes-EtOAc, 3:2), 4.30 g, 67%, a:8,
1:1.2]). Part of this «,8 mixture was used in the next step without
separation. The «,8 isomers from the other part were separated
by boiling the mixture in MeOH and filtering the solid after
cooling. The solid product was found to be the pure 8 isomer.
33: UV (MeOH) Apme; 272.5 nm. The filtrate on evaporation to
dryness gave the a-isomer, 34: UV (MeOH) Ap,, 272.5 nm.
(-)-(2RAR)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl]-2-chloro-Nt-methyladenine (35). A solu-
tion of 33 (0.30 g, 0.56 mmol) in DME (30 mL) and methylamine
(3 mL) was sealed in a steel bomb and heated at 80 °C for 5 h.
After cooling the mixture, the solvent was evaporated and the
crude product was boiled in MeOH, and filtered to give 35 (0.245
g 82%) as a white solid: UV (MeOH) Apax 270.0 nm.
()-(2R,4R)-9-[2-[[ (tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl]-2-chloroadenine (36) and (+)-(2R,45)-9-
[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-
yi]-2-chloroadenine (39). An «,8 mixture of 34 and 33 (3.0 g,
5.66 mmol) in DME/NH; (50 mL, saturated at 0 °C) was sealed
in a steel bomb and heated at 80 °C for 5§ h. After cooling the
mixture, the solvent was evaporated and the crude product was
separated by silica gel column (EtOAc-CH,Cl,, 1:4) to yield 36
[R;=0.50 (45% EtOAc-CH.Cly), 1.41 g, 48.9% ] as a white solid
and 39 [R;=0.45(45% EtOAc—Cchlg) 1.18¢,40.9%] as afoam
(which was boiled in MeOH to give a white solid). 36: UV (H,0)
Amaz 264.0 nm. 39: UV (H,0) Anex 264.0 nm.
(-)-(2R,4R)-2-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]-Nt-methyladenine (37). A solution of 35 (0.26 g, 0.49
mmol) in THF (15 mL) was treated with 1 M n-Bu,NF-THF (0.6
mL, 0.6 mmol). Evaporationofthesolventgave the crude product
which was purified by silica gel chromatography (MeOH-CHCl;,
1:20) to give 37 (0.135 g, 95.7%) as a white solid: UV (H;0) Anax
269.5 nm (¢ 17260) (pH 7), 269.5 (¢ 18170) (pH 2), 269.5 (¢ 16700)
(pH 11).
(-)-(2R4R)-2-Chloro-9-{2-(hydroxymethyl)-1,3-dioxolan-
4-yl]adenine (38). A solution of 36 (0.70 g, 1.37 mmol) in THF
(30 mL) was treated with 1 M n-BuNF-THF (1.64 mL, 1.64
mmol). After evaporation of the solvent, the crude product was
crystallized from MeOH to give 38 (0.355 g, 95%) as white
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crystals: UV (H,0) Aoy 264.0nm (¢ 14720) (pH 7), 264.0 (¢ 14920)
(pH 2), 263.8 (¢ 15560) (pH 11).

(+)(2R48)-2-Chloro-9-[ 2-(hydroxymethyl)-1,3-dioxolan-
4-yl]adenine (40). A solution of 39 (0.60 g, 1.17 mmol) in THF
(30 mL) was treated with 1 M n-Bu,NF/THF (1.4 mL, 1.4 mmol)
to give 40 (0.27 g, 85%) as a white solid: UV (Hy0) Apay 264.0
nm (¢ 14640) (pH 7), 264.0 (¢ 14880) (pH 2), 263.8 (¢ 15030) (pH
11).

Antiviral and Cytotoxicity Assays. Antiviral studies with
HIV-1were performed in mitogen-stimulated human peripheral
blood mononuclear (RBM) cells infected with strain LAV, as
described previously.?? A multiplicity of infection (MOI) of 0.1,
as determined by a limiting dilution method in PBM cells, was
selected for the assays. Stock solutions (40mM) of the compounds
were prepared in DMSO and then diluted in the medium to give
the desired concentration. The maximal final concentration of
DMSOQin the solutions was less than 0.25%, which is not antiviral
or cytotoxic to the cells. The compounds were added about 45
min after infection. The procedure for culturing the virus and
the determination of supernatant RT levels has been described
previously.?? The drugs were also evaluated for their potential
toxic effects on uninfected PHA-;timulated human PBM, Vero,
and CEM cells as described previously.?? These cells were
cultured with and without drug for 6, 3, and 6 days, respectively,
gt which time aliquots were counted in the presence of trypan

lue.

Data Analysis. The medium effective concentration (ECs)
and inhibitory concentration (ICs) values were derived from the
computer-generated median effect plot of the dose-effect data,
as described previously.?!

Acknowledgment. This research was supported by
the U.S. Public Health Service Research grants (Al 25899
and Al 32351, CA 52020) from the National Institutes of
Health and the Department of Veterans Affairs. The
author thanks A. McMiller and S. R. Mathis for excellent
technical assistance.

References

(1) Mitsuya, H.; Weinhold, K. J.; Furman, P. A,; St. Clair, M. H.;
Lehrman, S. N.; Gallo, R. C.; Bolognesi, D.; Barry, D. W.; Broder,
S. 3’-Azido-3'-deoxythymidine (BW A509U): An antiviral agent
that inhibits the infectivity and cytopathic effect of human
T-lymphotropic virus type II/lympadenopathy-associated virus in
vitro. Proc. Natl. Acad. Sci. U.S.A. 1985, 82, 7096-7100.

(2) Nasr,M.;Litterest, C.; McGowan, J. Computer-Assisted Structure-
Activity Correlations of Dideoxynucleoside Analogs as Potential
Anti-HIV Drugs. Antiviral Res. 1990, 14, 125-148.

(3) Fischl, M. A,; Richman, D. D.; Grieco, M. H. The Efficacy of
Azidothymidine (AZT) in the Treatment of Patient with AIDS
and AIDS-Related Complex: a Double-blind, Placebo-Controlled
Trial. N. Engl. J. Med. 1987, 317, 185-191.

(4) Lambert, J. S.; Seiglin, M.; Reichman, R. C.; Plank, C. S.; Dolin,
R. et al. 2/,3-Dideoxyinosine (DDI) in Patients with Acquired
Immunodeficiency Syndrome or AIDS-Related Complex - a Phase
I Study. N. Engl. J. Med. 1990, 332, 1333-1340.

(5) Mitsuya, H.; Broder, S. Inhibition of the In Vitro Infectivity and
Cytopathic Effect of Human T-Lymphotrophic Virus Type III/
lymphadenopathy-associated Virus (HTLV-III/LAV) by 2',3'-
dndeoxynucleoeldes Proc. Natl. Acad. Sci. U.S.A. 1986, 83, 1911—

6) (a) Rlchman D. D,; Fischl, M. A.; Grieco, M. H.; Gottlieb, M. S.;
Volberdmg,P A; Leskm 0 L,; Leedom,J M; Groopman,J E;
Mildvan,D.; leech, M. S.; Jackson, G.G.; Durack, D. T.; Phil, D.;
Nusinoff-Lehrman, S.; The AZT Collaborative Working Group.
The Toxicity of Azidothymidine (AZT) in The Treatment of
Patients with AIDS and AIDS-Related Complex. N.Engl.J. Med.
1987, 317, 192-197. (b) Larder, B. A.; Darby, G.; Richman, D. D.
HIV with Reduced Sensitivity to Zidovudine (AZT) Isolated During
Prolonged Therapy. Science 1989, 243, 1731-1734.

(7) Schinazi, R. F.; Mead, J. F.; Feormo, P M. Insights into HIV
Chemotherapy AIDS Res. Hum. Retroviruses, 1992, 8, 5563-579.

(8) Norbeck, W.; Spanton, S.; Broder, S; Mxteuya, H. (&)-
Dloxolane-T ((t)—l [(28,48)-2- (Hydroxymethyl-4-dloxolanyl]-
thymine). A New 2’,3’-Dideoxynucleoside Prototype with In Vitro
Activity against HIV. Tetrahedron Lett. 1989, 30, 6263-6266.

(9) Coates, J. A. V.; Cammack, N. S.; Jenkinson, H. J.; Mutton, I. M,;
Pearson, B. A.; Storer, R Cemeron, J. M Penn, C. R. The
Separated Enantiomers of 2’-Deoxy-3’-Th1acytldme (BCH 189)
Both Inhibit Human Immunodeficiency Virus Replication In Vitro.
Agents Chemother. 1992, 36, 202-205.



Anti-HIV-] 1,3-Dioxolanylpurine Nucleosides

(10) Chy, C. K.; Beach, J. W.; Jeong, L. S.; Choi, B. G.; Comer, F. L;
Alves, A. J.; Schinazi, R. F. Enantiomeric Syntheasis of (+)-BCH-
189 [(+)-(2S,5R)-1-[2-(Hydroxymethyl)-1,3-oxathiolan-5-yllcy-
tosine] from D-mannose and Its Anti-HIV-Activity. J. Org. Chem.
1991, 56, 6503-6505.

(11) Beach,J. W.;Jeong, L.S.; Alves, A. J.; Pohl, D.; Kim, H. O.; Chang,
C.-N.; Doong, S.-L.; Schinazi, R. F.; Cheng, Y.-C.; Chy, C. K.
Synthesis of Enantiomerically Pure (2’R,5'S)-(-)-1-(2-Hydroxy-
methyl-oxathiolan-5-yl)cytosine as a Potent Antiviral Agent against
Hepatitis B virus (HBV) and Human Immunodeficiency Virus
(HIV). J. Org. Chem. 1992, 57, 2217-2219.

(12) Chy,C.K.;Ahn,S.K.; Kim, H. O.; Beach, J. W.; Alves, A. J.; Jeong,
L.S.;Islam, Q.; Van Roey, P.; Schinazi, R. F. Asymmetric Synthesis
of Enantiomerically Pure (-)-(2'R,4'R)-Diozolane-thymine and Its
Anti-HIV Activity. Tetrahedron Lett. 1991, 32, 3791-3794.

(13) (a) Kim, H. O.; Shanmuganathan, K.; Alves, A. J.; Jeong, L. S.;
Beach, J. W.; Schinazi, R. F.; Chang, C.-N.; Cheng, Y.-C.; Chu, C.
K. Potent Anti-HiV and Anti-HBV Activities of (-)-L-8-Diox-
olane-C and (+)-L-8-Dioxolane-T and Their Asymmetric Syntheses.
Tetrahedron Lett. 1992, 33(46), 6899—6902. (b) Kim, H. O.; Ahn,
S.K.; Alves, A. J.; Beach,J. W.; Jeong, L. S.; Choi, B. G.; Van, Roey,
P.; Schinazi, R. F.; Chu, C. K. Asymmetric Synthesis of 1,3-
Dioxolane Nucleosides and Their Anti-HIV Activity. J. Med.
Chem. 1992, 35, 1987-1995.

(14) (a) When the reaction mixture was stirred at -30 °C for 40 min,
one anomeric mixture (Ng-isomer)[R; = 0.41 (=) and 0.39 (8)-
(hexanes—-ethyl acetate, 1:1), UV Ay, 270.6 (MeOH), 263.5 (pH 2),
264.5 nm (pH 11)]14 was almost exclusively formed. However, on
stirring at room temperature for 1 h, the anomeric mixture was
converted to another anomeric mixture of R; value (No-isomer)[R;
= 0.78 (o) and 0.72 (8)(hexanes-ethyl acetate, 1:1), UV Ap., 264.5
nm (MeOH)] in the ratio of 1:1 (Nj/Ng-isomer) determined by
isolated yield. Both anomeric mixtures were separately converted
to amino derivatives by reacting with NH;/MeOH in a steel bomb
at 70 °C for 3 h, whose UV data (MeOH)(Ap,,) were 271.0 nm and
259.5 nm, which were similar to those of Ns- and Ng-alkylated
adenine, 4> respectively. On the basis of the UV of 6-chloro and
6-amino derivatives, the isomer of lower R, value was assigned to
be Nj-isomer. However, repeating the completing reaction with
N;-isomers resulted in decomposition of the compounds instead of

Journal of Medicinal Chemistry, 1993, Vol. 36, No. 1 37

rearranging to Ng-isomer. (b) Prasad,R.N.; Robins, R. K. Potential
Purine Antagonists. VIII. The Preparation of Some 7-Methyl-
purines. J. Am. Chem. Soc. 1987, 79, 6401-6407. (c) Leonard, N.
J.; Deyrup, J. A. The Chemistry of Triacanthine. J. Am. Chem.
Soc. 1961, 84, 2148-2160. (d) Robins, R. K.; Lin, H. H. Potential
Purine Antagonists. IV. Synthesis of Some 9-Methyl-6-substi-
tuted-purines. J. Am. Chem. Soc. 1957, 79, 490-494.

(15) Robins, M. J.; Vznanski, B. Nucleic acid related compounds. 34.
Non-aqueous Diazotization with tert-Butyl nitrite. Introduction
of Fluorine, Chlorine, and Bromine at C-2 of Purine Nucleosides.
Can. J. Chem. 1981, 2608-2611.

(16) Tong, G. L.; Ryan, K. J.; Lee, W. W.; Acton, E. M.; Goodman, L.
Nucleosides of Thioguanine and Other 2-Amino-6-substituted
Purines from 2-Acetamido-5-chloropurine. J. Org. Chem. 1967,
32, 859-862.

(17) Chy, C.K,; Ullss, G. V.; Jeong, L. S.; Ahn, S. K.; Doboszewski, B.;
Lin, Z. X,; Beach, J. W.; Schinazi, R. F. Synthesis and Structure—
Activity Relationships of 6-Substituted 2’,3’-Dideoxypurine Nu-
cleosides as Potential Anti-Human Immunodeficiency Virus agents.
J. Med. Chem. 1990, 33, 1553-1561.

(18) Montgomery, J. A.; Hewson, K. Nucleosides of 2-Fluoroadenine.
J. Med. Chem. 1969, 12, 498-504.

(19) Parker, W. B.; Shaddix, S. C.; Chang, C.-H.; White, E. L.; Rose, L,
M.; Brochman, R. W.; Shotnacy, A. T.; Montgomery, J. A.; Secrist,
J.A.,III; Bennett, L. L., Jr. Effects of 2-Chloro-9-(2-deoxy-2-fluoro-
B-D-arabinofuranosyl)adenine on K562 Cellular Metabolism and
the Inhibition of Human Ribonucleotide Reductase and DNA
Polymerases by Its 5-Triphosphate. Cancer Res. 1991, 51, 2386—
2394.

(20) Schinazi, R. F.; Sommadossi, J.-P.; Saalmann, V.; Cannon, D. L.;
Xie, M.-Y.; Hart, G. C.; Smith, G. A.; Hahn, E. F. Activities of
&'-Azido-3’-Deoxythymidine Nucleotide Dimers in Primary Lym-
phocytes Infected with Human Immunodeficiency Virus Type 1.
Antimicrob. Agents. Chemother. 1990, 34, 1061-1067.

(21) Chou, J.; Chou, T.-C. Dose-effect analysis with microcomputers:
Quantitation of ED5;, D35, synergism, antagonism, low-dose risk,
receptor binding and enzyme kinetics. A computer software for
apple II Series and IBM-PC and Instruction Manual. Elsevier-
Biosoft, Elsevier Sciences Publishers, Cambridge, U.K., 1985.



